The transient use of corticosteroid shortly after atrial fibrillation (AF) ablation might prevent immediate and mid-term AF recurrence; however, the effective dosage for preventing AF recurrence has not been determined. In this study, we evaluated whether low-dose hydrocortisone is effective for the prevention of AF recurrence after radiofrequency catheter ablation (RFCA).
adiofrequency catheter ablation (RFCA) is an effective treatment for drug-refractory atrial fibrillation (AF), with promising success rates. However, there is still a chance of AF recurrence, especially within the first few weeks after ablation. 1 The relationship between inflammation and development of AF has been studied. 2, 3 An increase in the baseline C-reactive protein (CRP) concentration suggests preexisting myocardial inflammation, which may be a marker of increased proinflammatory response after surgery. Corticosteroids are potent inhibitors of the proinflammatory cascade and have been shown to limit the increase in interleukin (IL)-6, IL-8, tumor necrosis factor α, CRP, and oxygen free radicals after cardiac surgery. [4] [5] [6] Inflammation and oxidative stress are the leading pathogenic mechanisms in special forms of AF (eg, postoperative AF), 7 but they are also involved in AF in the general population and in senile AF. 8, 9 Because atrial myocardial destruction occurs during RFCA for AF, an acute inflammatory response is likely to develop. 10, 11 However, evidence for the use of corticosteroids as upstream therapy for secondary prevention of AF is sparse. Recently, transient use of corticosteroids shortly after AF ablation was reported to be effective and safe for preventing AF recurrence during the mid-term follow-up period after pulmonary vein isolation (PVI). 12 There is increased risk of hyperglycemia, postoperative pneumonia, urinary tract infections, and gastrointestinal bleeding after steroid therapy. In addition, high-dose steroids may cause ventricular proarrhythmia and even promote AF. 13, 14 These potential adverse effects deter the routine use of corticosteroids for prevention of AF after cardiac surgery, and corticosteroid therapy has been assigned as a Class IIb recommendation in the European Society of Cardiology guidelines. 15, 16 However, the adequate dosage of steroid and the method of administrate have not been determined. This study evaluated the effect of a single bolus intravenous injection of a small dosage of hydrocorticosteroid on the recurrence of AF after RFCA.
Study Protocol
This study was a double cohort study. In the corticosteroid group, 100 mg hydrocortisone sodium succinate (Solu-Cotef, Pfizer Manufacturing, Puurs, Belgium) in 5 ml of a 0.9% sodium chloride solution was administered intravenously within 30 min after the procedure. Patients in the control group were not given any corticosteroid.
Within each group, the patients were divided into 3 subgroups according to the results of AF recurrence during the initial 1 month after ablation: 11,12 immediate AF recurrence group, early AF recurrence group, and non-AF recurrence group. Immediate and early AF recurrences were defined as AF episodes that occurred within 2 days and between 3 and 30 days after RFCA, respectively. Non-AF recurrence was defined as no AF after RFCA. The primary endpoint of the study was the proportion of patients free of recurrent AF, and the secondary endpoint was recurrent AF and any serious complications caused by catheter ablation or treatment with corticosteroid.
Catheter Ablation
The 3-dimensional geometry of the left atrium (LA) was reconstructed with a CARTO or NavX electroanatomic mapping system. Before ablation, triggers were evaluated after direct current cardioversion of AF. Circumferential PVI was performed in all patients using a 3.5-mm irrigated-tip catheter (ThermoCool, Biosense Webster, CA, US) with the maximum temperature set at 50° and a power output of 25-35 W. We used a circular mapping catheter (Lasso, Biosense Webster) to confirm PVI. The endpoint of the PVI was creation of a bidirectional conduction block from the LA to the PVs and vice versa. A cavo-tricuspid isthmus block line was created with confirmation of the bidirectional block. After the PVI, if AF was sustained or induced with coronary sinus burst pacing at a cycle length as short as 180 ms during the administration of intravenous isoproterenol (1.0-10.0 μg/min) and lasted more than 3 min, additional ablation, consisting of linear ablation, complex fractionated atrial electrogram (CFAE) ablation and/ or superior vena cava (SVC) isolation, was performed. 17 If the AF did not terminate or was inducible after these procedures, sinus rhythm was restored by transthoracic cardioversion. 17
Follow-up
Patients remained hospitalized under continuous rhythm monitoring (IntelliVue Telemetry System, Philips Healthcare, The Netherlands) for at least 48 h after the procedure and were followed after the RFCA. After discharge, all patients underwent follow-up at 1 week and 1 month post-procedure and then every 3 months thereafter. At each hospital visit, the patients underwent 12-lead ECG and intensive questioning regarding any arrhythmia-related symptoms (palpitation, chest discomfort and dizziness) since the previous follow-up visit. Holter monitoring for 24 h was performed at 1 and 3, 6, and 12 months after RFCA. Portable event ECG monitoring (EV-101, ParamaTech, Fukuoka, Japan) was performed as arrhythmic assessment in patients with intermittent symptoms. We defined immediate recurrence as any episode of AF or atrial tachycardia (AT) of at least 30 s that occurred within 2 days after AF ablation, early recurrence between 3 and 30 days and late recurrence after 31 days, respectively. 11, 12 Three patients in the control group who developed pericarditis after RFCA were excluded from the analysis of recurrence because they were treated with higher doses of corticosteroids.
If the ECG showed any AF episodes during follow-up, patients received a diagnosis of clinical recurrence of AF, irrespective of the presence of symptoms. 11 Patients with AF recurrence were treated temporarily with Class I, II, III, and/or IV AADs, and the AADs were discontinued if stable sinus rhythm could be maintained. Discontinuation of the AADs was then attempted in those patients in whom the recurrent AF disappeared after temporary treatment; if sinus rhythm could be maintained, the drugs were stopped permanently.
Other Definitions
The patient's body temperature (BT) was measured on the morning of the ablation and every 8 h for 72 h after the ablation using an eardrum thermometer (Infrared thermometer IRT4020, Braun GmbH, Kronberg, Germany) placed into the ear canal. The CRP concentration and complete blood cell count were measured 1 day after the catheter ablation.
Statistical Analysis SPSS version 17.0 (SPSS Inc, Chicago, ILL, USA) was used for statistical analysis. Continuous variables are expressed as the mean ± standard deviation, and categorical variables were described using numbers or percentages. Comparisons of the differences between 2 groups were performed using the chisquare analysis and the unpaired Student's t-test. The time to AF recurrence 31 days after catheter ablation was estimated by the Kaplan-Meier method, with comparisons made using the log-rank test. A P value <0.05 was considered statistically significant.
Results

Baseline Characteristics
We enrolled 89 consecutive AF patients (70 males, 55±11 years) who underwent RF ablation and were treated with corticosteroid (corticosteroid group). For the control group, we enrolled 120 sex-and age-matched AF patients (94 males, Steroid and AF Ablation Values are expressed as mean ± SD. *Three patients in the control group who developed pericarditis after RFCA were excluded from the analysis of recurrence because they were treated with corticosteroid. CFAE, complex fractionated atrial electrogram; CTI, cavo-tricuspid isthmus ablation; Posterior box, roof line and additional posterior inferior line connecting the lower margins of the right and left PV lines; PV, pulmonary vein; RF, radiofrequency; Roof line, left atrial roof connecting the tops of the 2 encircling lesions of PV.
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55±11 years)
. Their baseline clinical characteristics are shown in Table 1 . Comorbidities, medications, echocardiographic parameters, AADs and other medications were not significantly different between the 2 groups.
Ablation Procedure and Recurrence Rate of AF
Catheter ablation parameters and the recurrence rate of AF are presented in Table 2 . Circumferential PVI was successfully performed in all patients, and bidirectional conduction block was created at all 4 PVs. A cavo-tricuspid isthmus block line with confirmation of bidirectional block was successfully created in 112 (93%) and 86 (97%) patients in the control and corticosteroid groups, respectively. There were no differences in linear ablation, CFAE or SVC isolation between the 2 groups. The duration of RF ablation was longer in the control (89±32 min) than in the corticosteroid group (82±28 min, P=0.01). The total duration of the procedure and fluoroscopy time was not different between the 2 groups. Table 3) . No significant differences were found in maximum BT (37.1±0.4 vs. 37.0±0.5°C, P=0.27) in the control and corticosteroid groups. Pericarditis occurred in 3 (3%) and 1 (1%) patients in the control and corticosteroid groups, respectively. Because the 3 patients with pericarditis in the control group were treated with 
Figure 1. Flow diagram and outcome of radiofrequency catheter ablation for atrial fibrillation (AF). Steroid and AF Ablation
steroids, they were excluded from the analysis of recurrence. WBC, CRP and maximum BT did not differ between paroxysmal and persistent AF patients. There was also no difference between the corticosteroid and control groups in AF recurrence in patient with higher CRP concentration (>10 mg/L) (unpublished data).
Post-Ablation Course and Resolution of AF Recurrences
During the ablation procedure and mean follow-up of 12 months, no major complications occurred in any patient. The rates of infection and hematoma were not different between the 2 groups. In the control group, AF recurrence disappeared in 7 (41%) of 17 patients with immediate AF recurrence and in 8 (62%) of 13 with early AF recurrence between 31 days and 12 months after RFCA (Figure 1) . However, in the corticosteroid group, recurrent AF attacks disappeared in 9 (82%) of 11 patients with immediate AF recurrence and in 7 (64%) of 11 with early AF recurrence during the same period. Interestingly, the prevalence of an AF-free rate at 12 months postablation in the subgroup analysis of the patients with immediate AF recurrence was higher in the corticosteroid group than in the control group (9 of were not different between the control and the corticosteroid groups (unpublished data). Figure 2 shows the Kaplan-Meier survival curves for AF recurrence. There was no difference in cumulative survival free of late AF recurrence between the corticosteroid and control groups (P=0.57 by log-rank test). By multivariate Cox-regression analysis, persistent AF (hazard ratio 2.87, 95% CI 1.33-6.20, P<0.01) was the only independent predictor of late recurrence after adjusting for use of steroid, diabetes mellitus, LA size and ablation time.
Discussion
The major finding of this study is that a single bolus injection of low-dose hydrocortisone did not prevent the recurrence of AF after RFCA. Second, the inflammatory makers CRP, WBC and BT did not change after treatment with low-dose hydrocortisone. Our study results suggest that at least a moderate dose of hydrocortisone is needed to prevent AF after RFCA.
Corticosteroids for Prevention of AF After Ablation
The use of corticosteroids for the prevention of AF has been mainly evaluated after cardiothoracic surgery. 18-21 Three independent meta-analyses have shown that therapy with corticosteroids is associated with a 26-58% reduction in relative risk of postoperative AF. 22-24 However, evidence supporting the use of steroids for the secondary prevention of AF after catheter ablation is extremely sparse. Recent studies have shown that increases in BT and CRP concentration from baseline in the immediate AF recurrence group (within 3 days after RFCA) were higher than in the early and no AF recurrence groups. 10,11 Consistent with this finding, Koyama et al 12 reported that the prevalence of immediate (≤3 days) and late (≥31 days) AF recurrence was significantly lower in the corticosteroid group than in the placebo group. 12 The early recurrence of AF has been reported as a significant predictor of long-term ablation failure. 25 Therefore, steroids may prevent long-term AF recurrence in the same way that they prevent early recurrence of AF. In this study, low-dose steroid did not change the incidence of AF recurrence in the patient group. However, interestingly, even low-dose hydrocorticosteroid (100 mg) seemed to be effective at preventing late AF recurrence in patients with immediate AF recurrence.
Efficacy and Dosage Effect of Corticosteroids for Prevention of Post-Ablation AF
There have been several studies of the dosage effect of corticosteroids for prevention of post-cardiothoracic surgery AF. Marik and Fromm analyzed 1,046 patients from 7 studies and classified the total cumulated dosage of corticosteroid as low (<200 mg/day), moderate (200-1,000 mg/day), high (1,001-10,000 mg/day), and very high (>10,000 mg/day) of hydrocortisone equivalents. 22 Overall, the use of perioperative corticosteroids reduces the risk of postoperative AF by greater than 50%. However, this effect appeared to be dependent on the dosing regimen used, with both very high and low dosages of corticosteroids being ineffective in contrast to the moderateand high-dosage groups. Baker et al also reported that only the intermediate-dose group (50-210 mg of dexamethasone) had a significantly reduced incidence of post-cardiothoracic surgery AF versus placebo. 24 However, Ho et al reported that no additional benefits were found with all outcomes beyond a total dose of 1,000 mg hydrocortisone. 23 These data suggest that a cumulative dose of less than 200 mg or more than 1,000 mg of hydrocortisone is insufficient to adequately downregulate the systemic inflammatory response syndrome associated with cardiac surgery. 22 There are no data indicating the optimal dose of corticosteroid required to suppress the inflammatory reaction after RFCA of AF. In an animal study, 26 a single, 500-mg methylprednisolone infusion did not change the CRP concentration or histopathological findings compared with control after biatrial linear ablation. However, Koyama et al reported that intravenous hydrocortisone (2 mg/kg) administered the day of the procedure and oral prednisone (0.5 mg · kg -1 · day -1 ) administered for 3 days after the PVI prevented AF. 12 Because the degree of inflammation after post-cardiothoracic surgery and RFCA differs, it is not adequate to use the same dosage of steroid after RFCA. However, our data strongly suggest that a low dose of less than 200 mg of hydrocortisone is insufficient to prevent post-ablation AF recurrence.
The mechanisms by which corticosteroids prevent postoperative AF are not entirely clear. The concentration of complement CRP complex, 27 the number of WBCs, 28 and the concentration of inflammatory cytokines, 29 all markers of increased inflammatory reaction, are higher in patients with postoperative AF than in patients who remain in sinus rhythm. Corticosteroids have antiinflammatory activity and reduce an exaggerated inflammatory reaction. In previous studies, the postoperative concentration of CRP was significantly lower in the corticosteroid group than in the placebo group. 12,21 However, low-dose steroid did not change WBC or CRP concentration or maximum BT in this study.
Study Limitations
The present study had several limitations. First, because this study was not a prospective randomized trial, there might be a selection bias in the use of steroid. However, we selected an age-and sex-matched control group, and there was no significant difference in the inflammatory markers, ablation procedure or baseline characteristics, including the echocardiographic parameters, between the steroid and control groups according to the type of AF. Although the patient selection depended on the operators, the experience, ablation protocol and procedural time was same for all the operators in this study. Second, continuous ECG monitoring was performed for the initial 2 hospital days. Because we used conventional ECG and ambulatory Holter monitoring, asymptomatic AF recurrence might not be included. Continuous recording for a longer period would have provided more insight into the effect of the steroid. Finally, the patients in this study were relatively younger (mean age, 55 years) than those usually encountered in clinical practice. Further study is needed to generalize this finding to patients with different ages.
Conclusions
Single bolus injection of low-dose hydrocortisone shortly after AF ablation is not effective for preventing immediate or early/ late AF recurrence during the mid-term follow-up period after RFCA. Our study suggests that at least a moderate dose of hydrocortisone might be needed to prevent AF after RFCA. Further study will provide the dose information of corticosteroid for prevention of AF recurrence.
